Introduction
The key steps o f photosynthetic water cleavage into dioxygen and metabolically bound hydrogen take place within photosystem II. The overall reac tion sequence comprises (i) the light-induced gener ation o f reducing and strongly oxidizing redox equivalents, (ii) the oxidation of water to dioxygen under proton release into the lumen, and (iii) the form ation of bound hydrogen by reduction of plastoquinone to the quinol form coupled with proton uptake from the strom a (for reviews see [1, 2] ). The latter process is a cooperative reaction of two electrons which occurs at a special plastoqui none binding niche (referred to as Q B site), located in polypeptide D 1 o f the PS II complex. Plastoqui none noncovalently binds to the Q B site and be- comes reduced via a sequence of two univalent re dox steps with Qa " as electron donor. Only the semiquinone form QB~ is comparatively strongly bound, while the association of fully reduced and protonated plastoquinone (QBH 2), with the Q B site is rather labile and Q BH 2 readily exchanges with another PQ molecule of the pool thereby com pleting the reaction cycle (for a review see ref. [3] ). The relationship between structure and binding properties o f the Q B site is o f special relevance for herbicide research because many potent herbicides used in agriculture bind to this unique PS II target, thereby blocking photosynthetic electron trans port (for reviews see ref. [4] [5] [6] ). Different proce dures can be applied to m odulate the properties of the Q b site in terms of its functional role and in herbicide binding. M arked changes can be ob tained either by specific genetic m anipulations [7, 8] or by less specific structural modifications like detergent treatment [9] or proteolytic degradation [10] . In the present com m unication two selected topics will be addressed: (a) the thermodynamic and kinetic properties o f the electron transfer from Qa~ to Q b(Q b ) and (b) the effect of bivalent metal ions on PS II.
Materials and Methods
Thylakoid and PS II membrane fragments were prepared from spinach as described in ref. [11] [12] [13] . Preparations of PS II core complexes were ob tained by the procedure outlined in ref. [14] , For bivalent metal cation treatm ent, samples were in cubated for 2 min in the dark prior to the measure ments. The incubation medium contained PS II mem brane fragments or PS II core complexes (20 |im Chi), 10 m M NaCl, 10 m M CaCl2 and 20 m M M ES/N aO H , pH 6.5. The rates and average yield per flash (ref. [15] ) o f oxygen evolution were meas ured with a Clark-type electrode with DCBQ (500 jim ) as electron acceptor and at saturating continuous o f flash light intensity. The manganese content o f the sample was determined by atomic absorption (Perkin Elmer model AA 5 300).
Flash-induced changes of the fluorescence quantum yield were monitored with home-built equipment [16, 17] . Conventional fluorescence in duction curves were measured as described in ref. [18] .
Herbicide binding assays were perform ed with [14C]atrazine as in ref. [19] , types of interesting inform ation can be gathered from an analysis of this type o f signal: (a) the re laxation reflects the kinetics of QA~ reoxi dation by endogenous plastoquinone (PQ) or exo genous electron acceptors, and (b) the normalized level of the terminal relative fluorescence yield, FJF0, provides a measure of the extent of QA~ that remains reduced for 10 s after the flash.
Results

Thermodynamics
As the normalized concentration [QA~ (/)] and F(t) are nonlinearly related quantities [20] , the value of [Qa~ (/)] has to be calculated from F(t) by a suitable procedure as outlined in ref. [9] .
Two striking phenom ena emerge, if the tem per ature o f the sample decreases: the param eter FJF0 increases, and the relaxation kinetics of F(t)-Ft be come markedly slower (data not shown). These ef fects can be used to analyze the thermodynamics and determine the activation energy of the QA~ reoxidation. Fig. 2 depicts the normalized quantity FJF0 as a function of sample tem perature in isolat ed thylakoids (top) and PS II mem brane frag ments (bottom). The steep increase below -1 0 to -2 0 °C reflects the blockage of QA~ reoxidation in an increasing fraction o f PS II [21, 22] . The sim plest explanation of this phenom enon can be pro vided by the assumption of a tem perature-dependent equilibrium between PS II centers that are active (A) or inactive (I) in respect to QA~ reoxidation. If one ascribes the quantity [QA~ (t = 10 s)] calculated from FJF0 (see ref. [19] ) to the fraction o f inactive centers, the equilibrium constant, Keq, is given by:
The temperature dependence of an equilibrium constant is described by the Van't H off relation:
where AH° is the standard enthalpy o f the process and R the gas constant. If one assumes that AH° can be considered near ly constant within the tem perature range of 220 K < T < 300 K, Eqn. (2) •" In latest reports C u 2+ was inferred to in teract with the PS II accep to r side probably near the F e 2+ Q a P heo region [27, 28] . O ther studies cam e to the conclusion th at C u 2+ modifies the Q B site [29] .
Effects o f bivalent metal ions on PS II
In the form er p art o f this study the p roperties o f the n orm al PS II
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